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YIELDS O F FISSION P R O D U C T S 
F O R S E V E R A L FISSIONABLE NUCLIDES AT 

VARIOUS INCIDENT N E U T R O N E N E R G I E S 

by 

K. F . F l y n n and L, E , G lenden in 

A B S T R A C T 

T h i s r e p o r t c o n s i s t s of a s u m m a r y of r e c o m m e n d e d 
v a l u e s for f i s s i o n - p r o d u c t y i e ld s f r o m f i s s i o n i n g s y s t e m s 
p e r t i n e n t to the p h y s i c s of r e a c t o r s b a s e d on a s u r v e y of the 
l i t e r a t u r e t h r o u g h O c t o b e r 1970, R e c o m m e n d e d e x p e r i m e n t a l 
and e s t i m a t e d v a l u e s for t o t a l cha in y i e l d s in the f o r m of 
t a b l e s and m a s s - y i e l d c u r v e s a r e p r e s e n t e d for n e u t r o n -
i n d u c e d f i s s i o n of " ^ T h , " ^ U , ^^^U, " ^ U , " ' P u , and ^*'Pu at 
v a r i o u s n e u t r o n e n e r g i e s . 

Th i s r e p o r t h a s b e e n p r e p a r e d in r e s p o n s e to a r e q u e s t for a s u m 
m a r y of r e c o m m e n d e d f i s s i o n - p r o d u c t y i e l d s f r o m f i s s i o n i n g s y s t e m s p e r 
t i n en t to the p h y s i c s of r e a c t o r s , * The m o s t c o m p r e h e n s i v e revie^ws of 
f i s s i o n - p r o d u c t y i e l d s in the c u r r e n t l i t e r a t u r e a r e i n c l u d e d in R e f s , 1-5, 
U n l e s s o t h e r w i s e no ted , the e x p e r i m e n t a l da t a for t o t a l cha in y i e l d s p r e 
s e n t e d h e r e have b e e n t a k e n f r o m t h e s e c o m p i l a t i o n s . I n f o r m a t i o n on the 
i n d e p e n d e n t o r c u m u l a t i v e y i e l d s for i s o b a r s (along a g iven cha in ) can be 
found in R e f s , 2 5 - 2 9 , The m o s t r e c e n t i n f o r m a t i o n on the g e n e t i c r e l a 
t i o n s h i p s in the f i s s i o n - p r o d u c t r a d i o a c t i v e d e c a y c h a i n s i s shown s c h e m a t 
i c a l l y in Ref, 1 and is not r e p e a t e d h e r e . 

F o r e a c h m a s s n u m b e r , the t o t a l cha in y i e l d s f r o m n e u t r o n f i s s i o n 
of " ^ T h , " ^ U , " ^ U . " ^ U , " ' P u , and " ' P u have b e e n t a b u l a t e d in T a b l e s I -VI , 
r e s p e c t i v e l y . T h e s e t a b l e s inc lude da t a for t h e r m a l - n e u t r o n , f i s s i o n -
s p e c t r u m - n e u t r o n , 8 - M e V - n e u t r o n , and 1 4 - M e V - n e u t r o n f i s s i o n . F i s s i o n -
s p e c t r u m - n e u t r o n f i s s i o n r e f e r s t o f i s s i o n i n d u c e d by u n m o d e r a t e d n e u t r o n s 
p r o d u c e d in a n u c l e a r r e a c t o r ; 8 -MeV n e u t r o n f i s s i o n r e f e r s to f i s s i o n 
i n d u c e d by n e u t r o n s f r o m the a,n r e a c t i o n on l i t h i u m ; and 14 -MeV n e u t r o n 
f i s s i o n r e f e r s to f i s s i o n induced by n e u t r o n s f r o m the d,n r e a c t i o n on t r i t i u m . 
The c h a i n y i e l d s g iven in t h i s c o m p i l a t i o n a r e b a s e d on b o t h r a d i o c h e m i c a l 
and m a s s - s p e c t r o m e t r i c t e c h n i q u e s . E s t i m a t e d a b s o l u t e e r r o r s in the 

*This survey covers the literature through October 1970. Evaluations and summaries of other pertinent data 
concerning fission-neutron spectra and fission energy release are contained in companion reports.23,24 



fission yield values range from 5 to 20%, depending on the experimental 
technique used, and on the part icular fission product measured . The accu
racy is highest in cases such as mass - spec t rome t r i c measurements of the 
rare gas (krypton and xenon) yields and in the cases of a few radiochemical 
measurements such as " M O , ' ^ ' C S , and '''"Ba, where determinations based 
on absolute fission counting have been made by several independent in
vestigators. The e r ror for a part icular fission yield value can best be es 
timated by referring both to the original work and to one or more of the 
summaries referred to in Refs, 1-5, For chain yields not experimentally 
determined, values based on interpolations from the smooth mass -y ie ld 
curves are given wherever possible; these est imated values (enclosed in 
parentheses) should be considered open to e r r o r as large as +50%, Each 
of these tables also includes a column labeled "Fission Product ," which 
indicates the particular fission-product nuclide measured . 

Total yields for the light and heavy mass groups in the various 
fissioning systems are given in Table VII. Since these group-yield sum
mations are close to the desired value of 100% (ranging from 95 to 106%), 
no attempt was made to renormalize the experimental fission-yield data. 

Characteristics of some of the mass distributions for neutron-
induced fission are summarized in Table VIII, 

Mass-yield curves (constructed from the experimental data in the 
tables) for thermal-neutron fission of ^"U, ^^^U, ^^'Pu, and ^*'Pu are p re 
sented in Figs, 1-4, respectively. Similar curves for f i ss ion-spect rum-
neutron fission of "^Th, "^U, "^U, "*U, and " ' P u are shown in Figs , 5-9, 
respectively. The mass-yield curves for 14-MeV neutron fission of ^^^Th, 

U, and ^̂ *U are given in Figs, 10-12, respectively. 

The results of this survey indicate the need for bet ter fis sion-yield 
information in the vicinity of symmetric fission for all the fissioning 
systems. There is also a scarci ty of data for f i ss ion-spect rum-neut ron 
fission of " 'U , and no data at all are available for f i ss ion-spect rum-neutron 
fission^of 24ipu Mass-yield curves for thermal-neut ron fission of " ' T h , 

Th, Cm, and " 'Cf have been pub l i shed , " "" and these data can be used 
for estimating fission yields from fissionable nuclides of atomic number and 
mass outside the range covered in this repor t . Although approximate values 
for fission yields from fissioning systems for which no information is avail
able can be estimated by interpolation or extrapolation from available m a s s -
yield curves, such values should not be relied upon where accuracy in the 
yield IS important. 
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Fig. 1. Mass-yield Curve for Thermal-
neutron Fission of 233]j^ ^^fi 
Neg. No. 121-7199 Rev. 1. 

Fig. 2. Mass-yield Curve for Thermal-
neutron Fission of 235(j_ ANL 
Neg. No. 121-7201 Rev. 1. 

Fig. 3. Mass-yield Curve for Thermal-
neutron Fission of 239py ^[^L 
Neg. No. 121-7204 Rev. 1. 



Fig. 4. Mass-yield Curve for Thermal-
neutron Fission of 241pu_ ^^L 
Neg. No, 121-7203 Rev. 1. 

Fig. 5. Mass-yield Curve for Fission-
spectrum-neutron Fission of 
232Th. ANLNeg, No. 121-
7205 Rev. 1. 

Fig. 6. Mass-yield Curve for Fission-
spectrum-neutron Fission of 
233u. ANL Neg. No. 121-
7395 Rev. 1. 



Fig. 7. Mass-yield Curve for Fission-spectrum-
neuuon Fission of ^SSy^ ^[^JL Neg, 
No. 121-7296. 

Fig. 8. Mass-yield Curve for Fission-spectrum- Fig. 9. Mass-yield Curve for Fission-spectrum-
neutron Fission of 238u. ANL Neg. No, neutron Fission of 239py_ ^J^JL Neg. 
121-7200 Rev. 1. No. 121-7297. 
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Fig. 10. Mass-yield Curve for 14-
MeV-ncutron Fission of 
232Th. ANL Neg. No. 
121-7396. 

Fig. 11. Mass-yield Curve for 14-
MeV-neutron Fission of 
235u. ANL Neg. No. 
121-7399. 

Fig. 12 
Mass-yield Curve for 14-MeV-
neutron Fusion of 238u_ ANL 
Neg. No. 121-7397. 
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T A B L E I . To ta l Cha in Yie lds for N e u t r o n F i s s i o n of ^^^Th 

M a s s 
N u m b e r 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

F i s s i o n 
P r o i 

' ^Zn 

" G a 

" A s 

'»As 

^ 'As 

" S e 

" B r , 

«*Kr 

" K r 

" K r 

8'Kr 

" ' K r 

" S r 

' "Sr 

" S r 

'^Sr 

" Y 

« z r 

" Z r 

duct 

" K r 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' ^ 

0.00033^ 

0.00045^ 

0.014 

(0.035) 

(0.085) 

(0,17) 

(0,38) 

(0,83) 

2,06 

3,78 

4 ,01 

6,21 

6,57 

6,92 

6,7^ 

7,2^ 

7,45 

6,6^ 

7 , 2 4 ' ' 

(6,55) 

5,43 

(5,35) 

4 ,52 

(3,75) 

Yield, % 

8 -MeV 
N e u t r o n s ^ 

0,052 

2.72 

• 

6.7 

5.6 

5.0 

14-MeV 
N e u t r o n s ^ 

0.0070^ 

0.008"° 

(0.015) 

(0.035) 

(0.075) 

0 .13 '° 

0.31 '° 

0 .95 '° 

(0.90) 

1.21'° 

(1,6) 

1,69'^ 

2,41'2 

(3,0) 

(3.55) 

(4,2) 

(4.9) 

5,7 

(5,8) 

5,88 

(5.9) 

5,78 

(6.3) 

6.7 

(5.4) 

2 .93 ' ^ 

(2.8) 
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T A B L E I (Contd.) 

M a s s 
Numbe r 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

no 
U l 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

F i s s i o n 
P r o d u c t 

" M o 

'° 'Mo 

'°^Mo 

'° 'Ru 

'°5Rh 

'»'Ru 

' ° 'Pd 

' " A g 

"2pd 

"^Ag 

"^Cd 

"^In 

'^'Sn 

' " S n 

' " S n 

F i s s i o n - s p e c t r u m 
N e u t r o n s " 

2,86 

(1.35) 

(0,67) 

(0,33) 

0,146 

(0,085) 

0,05^ 

0 , 0 6 2 " 

(0,057) 

(0,054) 

0.052^ 

(0,050) 

0,082'^ 

0,090' ' ' 

0,045^ 

(0,045) 

0,065^ 

(0,045) 

0,053^ 

(0,046) 

(0,047) 

(0,049) 

(0,050) 

(0,052) 

0,029^ 

(0,058) 

0,026^ 

Yield, % 

8-MeV 
N e u t r o n s ^ 

3.1 

0.50 

0.53 

0.63 

0.76 

0.37 

14-MeV 
N e u t r o n s ^ 

1.92 

(1.5) 

1.60 

0,70 

0,75 

(0,9) 

1,06 

1,07 

(1.0) 

(1.05) 

1.10 

(1.15) 

1,42 

1,29 

1.23 

(1.3) 

1.28 

(1,3) 

(1.26) 

(1,24) 

(1.19) 

(1,14) 

1,0 

(1,02) 

(0,95) 

(0,92) 

0,58 



T A B L E I (Contd,) 

M a s s 
N u m b e r 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

F i s s i o n 
P r o d u 

' " S b 

' " S b 

131T 131 

'^^Te, 

' " I 

' ^ X e 

135i 

' " X e 

' " C s 

' " C s , 

'*°Ba 

' ^ 'Ce 

' " C e , 

' " C e 

'^^Nd 

' « N d 

'^^Nd 

'^^Nd 

' « P m 

'5°Nd 

' ^ ' P m 

ct 

Xe 

'^^Xe 

' " B a 

' " P r 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

(0,071) 

0,110^ 

(0,205) 

(0,42) 

(0,85) 

1,56 

2,76 

3,75 

5,18 

4,66 

5,44 

6 ,46" ' 

(6,85) 

5,92'^ 

7 , 6 4 " 

7,05'*' 

(7.65) 

6 . 7 2 " 

7.52" ' 

5,52 

4 ,73 

3 ,09" ' 

2,08 

1 , 1 5 " 

1,04 

0 . 4 2 2 " 

(0,30) 

Yield, % 

8 -MeV 
N e u t r o n s ^ 

2.3 

1.8 

9.0 

* 

7.2 

14-MeV 
N e u t r o n s ^ 

(0.90) 

1.21 

(0,92) 

0 ,93 '^ 

(1.45) 

2,44 '^ 

2,68 

(4,35) 

(4,75) 

(5,15) 

(5,4) 

(5,6) 

(5,75) 

6,02 

5,8^ 

5,84 

(5,55) 

5,35 

5,12 

2,38 '^ 

(2,05) 

1.818 

(0,93) 

0,66 

(0,31) 

0,16 

(0,15) 
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TABLE I (Contd, 

Mass 
Number 

153 

154 

155 

156 

157 

158 

159 

160 

161 

F i s s i o n 
P roduc t 

' " S m 

'^'Eu 

' " E u 

' " G d 

' " T b 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' ^ 

0 .198" ' 

(0.036) 

(0.009) 

0 . 0 0 2 4 " 

Yield, 

8-
Nei 

% 
-MeV 
a t rons^ 

14 -MeV 
N e u t r o n s ^ 

0.085 

(0,057) 

(0,034) 

0,036 

0,012 

(0,0075) 

0,00448 

(0,0028) 

0,00106* 

TABLE II, Total Chain Yields for Neutron Fission of 

Mass 
Number 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

F i s s i o n 
P r o d u c t 

" A s 

" S e 

8^Kr 

8^Kr 

8^Rb 

" K r 

T h e r m a l 
Neutrons '* 

(0,0022) 

(0,0068) 

0,019 

(0,062) 

(0,135) 

(0,265) 

0,34^ 

(0,78) 

1.05 

1.76 

2.42 

2.96 

Yield , % 

F i s s i o n - s p e c t r u m 
N e u t r o n s ^ 

(0,12) 

(0,195) 

(0.35) 

(0,55) 

(0,82) 

(1,2) 

(1.75) 

(2,35) 

(3,1) 

14-MeV 
N e u t r o n s 



15 

T A B L E II (Contd.) 

M a s s 
N u m b e r 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

U l 

112 

113 

F i s s i o n 
P r o d u c t 

8'Rb 

88Sr 

8'Sr 

' °Sr 

" Z r 

« Z r 

" Z r 

' ^ Z r 

' ^ Z r , " M o 

' ^ Z r 

" M o 

' 8 M O 

' ' M o 

'°°Mo 

' ° 'Ru 

' ° 2 R U 

'°^Ru 

'°^Ru 

'"^Ru 

' ° 'Ru 

' ° ' P d 

' " A g 

" 2 p d 

T h e r m a l 
Neutrons '* 

4 ,47 

5,37 

6,10 

6.30 

6.60 

6,63 

7,02 

6,70 

6,13 

5,64 

5,59 

5,25 

5,12 

4,49 

3,10 

2,38 

1,63 

1,00 

0,50 

0,25 

(0,12) 

(0,055) 

0.040 

(0.022) 

0 .023 

0.016 

(0.016) 

Yield, % 

F i s s i o n - s p e c t r u m 
N e u t r o n s 

(3.95) 

(4.95) 

6.30 

(6,6) 

6,61^ 

(6,7) 

(6,7) 

(6,6) 

(6,4) 

(6,2) 

(5.8) 

(5,4) 

4 ,75 

(3,7) 

(2,6) 

(1,55) 

0,413 

(0,23) 

(0,17) 

0,16 

(0.12) 

(0,105) 

(0.09) 

(0.08) 

0 .0837 

(0.067) 

(0.064) 

14 -MeV 
N e u t r o n s ^ 

3.5 

2 .31 

1.52 

1.22 
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T A B L E II (Contd,) 

Mass 
Number 

114 

115 

116 

117^ 

118^ 

119^ 

120^ 

121 

122a 

123 

124a 

125 

126a 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

F i s s i o n 
Pre 

"^Cd 

' " S n 

"8Sn 

' " S n 

'2°Sn 

'^'Sn 

' " S n 

' " S n 

' " S b 

' " S n 

' " S b 

"°Te 
131j 13: 

132 J 13; 

' " X e , 

' " X e 

'^^Cs 

'«Xe 

' " C s 

'^^Ba 

' " B a 

' " C e 

)duct 

'Xe 

=Xe 

' " C s 

T h e r m a l 
Neutrons '* 

(0.015) 

0.020 

(0.0145) 

0 .0146 ' 

0.0151*' 

0 . 0 1 5 3 ' 

0 .0170' 

0.018 

0 ,0190 ' 

(0,022) 

0 ,0312 ' 

0,050 

0 , 0 8 1 0 ' 

0,59^ 

(1,10) 

(1,94) 

2.33 

3.46 

4 .74 

5.96 

6.09 

6.03 

6,68 

6,58 

6,3 

6.64 

6.59 

Yield, % 

F i s s i o n - s p e c t r u m 
N e u t r o n s ^ 

(0.062) 

0,056 

(0,061) 

0 , 0 6 0 ' 

0 , 0 6 0 ' 

0 , 0 7 4 ' 

0 , 0 8 3 ' 

(0,081) 

0 . 0 8 3 ' 

(0.108) 

0 . 1 2 0 ' 

(0.165) 

0 , 2 8 6 ' 

(0,33) 

(0,55) 

1,57 

(2,4) 

(3,4) 

4 ,36 

(5,3) 

(5.8) 

(6,1) 

(6.4) 

6.28 

(6.6) 

(6.6) 

6.31 

14-MeV 
N e u t r o n s ' 

1.05 

3.98 

4 .7 
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TABLE II (Contd, 

Mass 
Number 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

Fission 
Product 

'^'Ce 

'*^Ce 

"*^Ce, 

'«Ce . 

' "Nd 

'*'Nd 

'*'Nd, 

' "Nd 

' " S m 

"°Nd 

" ' S m 

"^Sm 

' "Sm, 

"^Sm 

' " E U 

' " E u 

" 'Gd 

" ' T b 

'"Nd 

' "Nd 

'^'Sm 

' " E u 

Thermal 
Neutrons'* 

6,77 

6,72 

5.86 

4.62 

3.38 

2.54 

1.86 

1,29 

0.77 

0,51 

0,36 

0,186' 

0,12 

0,0458' 

(0.03) 

0.0116 

0.00635 

(0.0024) 

0.000905 

0.000117 

Yield, % 

Fission- spectrum 
Neutrons 

6.74 

(6.3) 

5.0^ 

4.2^ 

(3.1) 

(2,3) 

1.60^ 

(1,15) 

0,82^ 

(0,73) 

0,35^ 

(0,22) 

0.12^ 

* 
0,018^ 

0,0105^ 

0,0018' 

0,00049' 

14-MeV 
Neutrons ' 

5,0 

^Relative fission yields for tin isotopes were determined m a s s -
spec t romet r ica l ly . ' These yields were normalized in the case of 
thermal-neut ron fission to 0,017% fission yield for '^°Sn, and in the 
case of f iss ion-spectrum-neutron fission to 0,060% fission yield for 
' "Sn , 



TABLE III, Total Chain Yie lds for N e u t r o n F i s s i o n of 

Yield, % 

Mass 
Number 

F i s s i o n 
P roduc t 

F i s s i o n -
T h e r m a l s p e c t r u m 8 -MeV 14-MeV 

N e u t r o n s ' N e u t r o n s ' N e u t r o n s ' N e u t r o n s ^ 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

•^Zn 

'Ga 

*Ga 

'GE 

" A s 

' 'As 

'As 

"Se 

' B r , " K r 

*Kr 

'Rb 

' K r 

'Rb 

»Sr 

Sr 

Sr 

Zr 

Zr 

Zr 

Zr 

Zr , " M o 

Zr 

Zr, " M o 

0,000016 

0,00010 

0,00035 

0 ,0008 ' 

(0,0025) 

0,0083 

0,020 

0,056 

(0,104) 

0,148 

(0,32) 

0,544 

0,97 

1,30 

1,89 

2,53 

3,58 

4,76 

5,83 

5,90 

5,98 

6,39 

6.44 

6,41 

6,29 

6,21 

(0,012) 

(0,025) 

(0,050) 

(0,097) 

(0,195) 

(0.315) 

0,615 

1,07' 

1,49 ' 

1,93 

2 ,66 

3,63 

5.0 

5,24 

6 , 1 ' 

(6 ,2) 

4) 

5) 

4 7 ' 

6) 

6 ,55 

0 ,0063* 

(0 ,010) 

(0 ,016) 

(0 ,028) 

(0 ,046) 

(0 ,078) 

(0 ,13) 

(0 ,24) 

(0 ,39) 

(0 ,59) 

(0 ,84) 

1,23 

(1.5) 

(1 ,90) 

(2 ,35) 

(2 .85) 

(3 ,4) 

4 ,16 

4 ,5 

4,71 

(5.05) 

5,48 

(5,45) 

4 ,80 

(5,6) 

5,29 



T A B L E III (Contd,) 

Yield, % 

M a s s 
N u m b e r 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

F i s s i o n 
P r o d u c t 

'8 Mo 

" M o 

'°°Mo 

' ° 'Ru 

' ° 2 R U 

' ° 'Ru 

'°*Ru 

' ° 'Ru , ' ° ' R h 

" " R u 

' ° ' R h 

' ° ' P d 

' " A g 

l l Z p d 

"^Ag 

" ^ C d 

" ' C d 

' " C d 

' " C d 

'2 'Sn 

' " S n 

T h e r m a l 
N e u t r o n s ' 

5,86 

6,16 

6,44 

5,02 

4.17 

3.0 

1.81 

0.90 

0,399 

0,19 

(0,075) 

0,030 

(0,020) 

0,019 

0,010 

(0,012) 

(0,011) 

0,0104 

(0,0104) 

0,011 

(0.0105) 

(0.0107) 

(0.0113) 

0.014 

(0.013) 

0 . 0 1 5 ' 

F i s s i o n -
s p e c t r u m 
N e u t r o n s 

6 .04 ' 

5.9 

6 . 3 5 ' 

5.46 

4 .65 

3.5 

2.35 

1.50 

0,97 

(0.50) 

(0.17) 

0.146 

(0.078) 

0 .0456 ' 

0 . 039 ' 

0 . 0342 ' 

0 . 0 3 4 2 ' 

0.032 

0 .0359 ' 

(0.032) 

(0.032) 

(0.033) 

(0.034) 

(0.036) 

(0.040) 

(0.045) 

8 -MeV 14 
N e i 

- M e V 
i t r o n s 

(5.45) 

5, 

(4. 

(4. 

(4, 

3, 

25 

85) 

5) 

0) 

35 

(2,6) 

2, 

1, 

(1 

(1 

1 

(1 

1 

0 

1 

(1 

0 

(1 

(1 

(1 

(1 

(1 

1 

(1 

(1 

,09 

,76 

.55) 

.4) 

,17 

,21) 

,11 

,93 

,15 

,03) 

,97 

,00) 

.01) 

.02) 

.05) 

.08) 

.09 

.19) 

.27) 

5.4 
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T A B L E III (Contd. 

Mass 
Number 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

F i s s i o n 
P roduc t 

' " S b 

' " S b 

' " S n 

' " I , ' " S b 

"°Sb 

" ' I , ' " X e 

"^Te , "^Xe 

' " X e , " ' C s 

"^Xe 

' " X e , ' " C s 

' " X e 

' " C s 

"8Ba 

' " B a 

' '°Ba, ' « C e 

'^'Ce 

' « C e 

'^ 'Ce, ' " N d 

" ' C e , '«Nd 

' " N d 

" ' N d 

" 'Nd , '* ' sm 

' «Nd 

" ' P m , ' « S m 

T h e r m a l 
N e u t r o n s ' 

(0.017) 

0 , 0 2 9 1 ' 

(0,064) 

0,137 

0,46 

1,0 

2 , 0 ' 

2,93 

4.33 

6.69 

7.92 

6.43 

6.46 

6,18 

6,71 

6.48 

6.34 

6.1 

5.90 

5.91 

5.40 

3.88 

2.95 

2.19 

1.67 

1.04 

Yie 

F i s s i o n -
s p e c t r u m 
N e u t r o n s ' 

(0.056) 

0 . 0 7 3 ' 

(0.20) 

(0,38) 

(0,71) 

(1.40) 

(2,4) 

3,17 

4 , 4 5 ' 

6,69 

7,09 

6,54 

5,93 

6,25 

6,60 

(6,45) 

6 , 2 1 ' 

6,3 

5.82 

5.80 

5,15 

3,85 

3.00 

2.3 

1.75 

1.16 

:ld, % 

8 -MeV 
N e u t r o n s ' 

3.6 

2 ,05 

1,25 

14 -MeV 
N e u t r o n s ^ 

(1.38) 

1.45 

(1.7) 

2,09 

(2,5) 

(2.40) 

(3,95) 

4 .23 

4.70 

5.6 

5.9 

5.7 

(5,7) 

5,9 

(5,5) 

5,0 

4 ,61 

3,8 

(4,25) 

3,81 

3,20 

(2,50) 

(1.98) 

1.648 

(1,16) 

(0,85) 



T A B L E III (Contd.) 

M a s s 
N u m b e r 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

F i s s i o n 
P r o i 

" °Nd 

' " S m 

" ^ S m 

' " S m . 

" ' S m 

' " E u 

' " E U 

' " E u 

" 8 E U 

' " G d 

" ' T b 

duct 

' " E u 

T h e r m a l 
N e u t r o n s ' 

0 .65 

0.42 

0,24 

0,158 

0.064 

0.031 

0,0134 

0,0066 

0,0037 

0,00105 

0.000082 

Yield 

F i s s i o n -
s p e c t r u m 
N e u t r o n s ' 

0.832 

0,438 

0,309 

0,21 

0,098 

(0,050) 

0,025 

0.0034 

0,00046 

, % 

8-MeV 
N e u t r o n s 

0,185 

0.035 

0,0063 

0.0020 

14-MeV 
Neu t rons^ 

(0.62) 

(0,45) 

(0.31) 

0,228 

(0,153) 

(0,105) 

0.08 

(0,038) 

(0,023) 

0,01278 

(0.0076) 

0.00568 

T A B L E IV. To ta l Cha in Yie lds for Nej i t ron F i s s i o n of 

M a s s 
N u m b e r 

72 

73 

74 

75 

76 

77 

78 

79 

80 

F i s s i o n 
P r o d u c t 

' ^Zn 

" G a 

" A s 

'»As 

" A s 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

(0.0011) 

0.0040 

(0.010) 

(0.031) 

(0.087) 

Yield, 

8. 

% 
-Me :V 

N e u t r o n s ' 
14-MeV 

N e u t r o n s ' 

0.0038 

0 .0053 '° 

(0.007) 

(0.012) 

(0.021) 

0 .030 '° 

0 .041 '° 

0 .18 '° 

(0.20) 
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TABLE IV (Contd.) 

Mass 
Number 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

F i s s i o n 
P r o 

8'Se 

8'Br, 

8^Kr 

8'Kr 

8'Kr 

8'Sr 

'°Sr 

" S r 

'^Sr 

" Y 

" Z r 

" Z r 

" M o 

'° 'Mo 

'°^Mo 

'°'Ru 

'° 'Rh 

'°'Ru 

'°'Rh 

duct 

8'Kr 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

(0.17) 

(0.32) 

0.40 

0,85 

0.83 

1.38 

(1.93) 

(2.36) 

3.3 

3.2 

3,50'8 

(4.45) 

4 . 7 7 " 

(5,35) 

5,8 

(6,0) 

(6,2) 

(6,45) 

6,56 

(6.55) 

(6.35) 

(6.1) 

5.8 

(4.9) 

3.81'8 

2.8 

1.36'8 

Yield, 

8. 

% 

-MeV 
N e u t r o n s ' 

6.2 

14-MeV 
N e u t r o n s ' 

0 .33 '° 

(0.56) 

0 . 7 5 " 

1 .26" 

1 .12" 

1 .76" 

(2.0) 

(2.4) 

2.66 

3.35 

3 . 6 6 " 

(4,0) 

4,48 

(4,7) 

5,11 

(5.2) 

5 . 2 7 " 

(5,5) 

5 , 5 0 " 

(5,7) 

5.90^ 

3.65^ 

5 . 1 5 " 

(4.3) 

3.232 

2,40^ 

(1.7) 
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TABLE IV (Contd.) 

Mass 
Number 

108 

109 

no 
111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

Fission 
Product 

'°'Pd 

' " A g 

" 2 p d 

"^Ag 

' " C d 

'2 'Sn 

' " S n 

' " S b 

' " S b 

' " I , ' " X e 

" ^ T e , "^Xe 

' " X e 

"^Xe 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

(0,68) 

0,26 

(0,165) 

0,080 

0,07 

(0,053) 

(0,048) 

0,045 

(0,042) 

(0,041) 

(0.040) 

(0.041) 

(0.042) 

(0.043) 

(0.045) 

(0.048) 

(0.053) 

0.074 

(0.081) 

0.14 

(0,34) 

0,329'8 

(1.45) 

3 . 4 0 " 

4 . 9 8 " 

6 . 0 0 " 

7 . 0 0 " 

Yield, % 

8-MeV 
N e u t r o n s 

* 

14-MeV 
N e u t r o n s ' 

(1.4) 

1.20^ 

(1.1) 

1.00'^ 

0 , 8 1 ' ^ 

0 , 8 9 " 

(0.86) 

0,77 

(0.82) 

(0,80) 

(0.80) 

(0.80) 

(0.81) 

0.81^ 

(0.86) 

(0,89) 

(0.94) 

0.84 

(1.18) 

1.43 

(1.40) 

1.30^ 

(2.45) 

4 . 0 2 " 

4 . 9 4 " 

6 . 0 8 " 

6 . 5 0 " 
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T A B L E IV (Contd. 

Mass 
Numbe r 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

F i s s i o n 
P roduc t 

" ' C s 

' " X e 

' " C s 

"8Ba 

' " B a 

'*°Ba 

'^'Ce 

' " C e 

' " C e . 

' " C e . 

' " N d 

' " N d 

'^'Nd, 

' " N d 

' " P m 

"°Nd 

' " S m 

"^Sm 

' " S m 

"^Sm 

' " E u 

" ' G d 

" ' T b 

' " N d 

' " N d 

' " P m 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

6 . 2 3 " 

6 . 2 8 " 

5 . 5 2 " 

6 . 1 0 " 

(6,10) 

6 . 1 5 " 

(5.40) 

4 . 9 2 " 

4 . 8 4 " 

4 . 7 7 " 

3 . 9 9 " 

3 , 6 0 " 

2,9 

2 , 2 3 " 

1 ,80" 

1 ,37" 

0 , 9 0 " 

0 , 5 7 " 

0,39 

0 , 2 4 " 

(0,15) 

0,073 

(0,038) 

(0,018) 

0,0091 

(0,0038) 

0,0018 

Yield, % 

8 -MeV 
N e u t r o n s ' 

4.1 

2.7 

1.9 

0.41 

0.090 

0.017 

0 .0043 

14 -MeV 
N e u t r o n s ' 

5 . 8 9 " 

5 . 7 4 " 

5 . 0 8 " 

(5.1) 

5 . 0 2 " 

4 . 5 4 " 

4 . 8 4 " 

(4,2) 

4 . 2 6 " 

3.4 

(2.9) 

(2.5) 

2 . 0 3 " 

(1.8) 

(1.5) 

(1.2) 

(0.95) 

(0.75) 

0.428 

(0.38) 

(0,25) 

0.19 

(0,10) 

(0.05) 

0.0268 

(0.015) 

O.OO898 
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T A B L E V. T o t a l Cha in Yie lds for N e u t r o n F i s s i o n of ^ " P u 

M a s s 
N u m b e r 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

F i s s i o n 
P r o d u c t 

^^Zn 

" A s 

8̂ As 

8iSe 

8'Kr 

8^Kr 

8'Rb 

8'Kr 

8'Rb 

88Sr 

8'Sr 

">Sr 

" Z r 

' ^ Z r 

" Z r 

' ^ Z r 

" Z r , 

" Z r 

' ^ Z r , 

' 8 M O 

" M o 

'^Mo 

T h e r m a l 
N e u t r o n s ' 

0.00011 

0.0072 

0.026 

(0.030) 

(0.088) 

0.178 

(0.24) 

0.29 

0.47 

0.56 

0,75 

0,91 

1.41 

1.73 

2.24 

2.60 

3.06 

3.89 

4 .42 

5.20 

5.06 

5.61 

5.84 

Yield . % 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

(0,090) 

(0,135) 

(0,19) 

(0,265) 

0 .366 ' 

0 . 559 ' 

0 . 672 ' 

. 0 , 882 ' 

1,16' 

1,44' 

1,8 

2 , 2 4 ' 

2 , 5 8 ' 

3 , 1 3 ' 

3 , 9 1 ' 

4 , 3 9 ' 

4 , 7 8 ' 

5 , 1 1 ' 

5 ,47 ' 

5 , 8 1 ' 

14-MeV 
N e u t r o n s ' 

2 , 4 ' 

2 , 7 ' 

5 . 3 ' 
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T A B L E V (Contd. ) 

M a s s 
Number 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

no 
111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

F i s s i o n 
P r o d u c t 

" M o 

'°°Mo 

' ° 'Ru 

'°^Ru 

'° 'Ru 

'°^Ru 

'° 'Rh 

' ° ' R U 

' ° 'Pd 

' " A g 

"^Pd 

"^Ag 

"^Cd 

' " C d 

' " C d 

'^'Sn 

' " S n 

T h e r m a l 
N e u t r o n s ' 

5.91 

7.05 

5.86 

5.94 

5,60 

5,88 

5.47 

4.40 

(3.55) 

(2.5) 

1.20 

(0.48) 

0.25 

0.10 

0.072 

(0.052) 

0.039 

(0.044) 

(0.042) 

(0.041) 

(0.041) 

(0.042) 

0.041 

(0.045) 

(0.049) 

(0.056) 

0.069 

Yield, % 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

5.88 

6 .76 ' 

6 . 8 8 ' 

6 . 9 7 ' 

5.85 

6 . 7 7 ' 

(5,75) 

4 ,7 

(3.65) 

(2.65) 

1.64 

(0.85) 

0,38 

0 . 2 0 7 ' 

0 . 1 3 3 ' 

0 . 0 9 9 ' 

0 .095 

0 . 0 6 4 ' 

(0.062) 

(0.061) 

(0.061) 

(0.062) 

(0.064) 

(0.071) 

(0.082) 

(0,115) 

0 , 1 9 ' 

14 -MeV 
N e u t r o n s ' 

5 , 5 ' 

6 . 2 5 ' 

4 , 1 6 ' 

1.46' 

1 .03 ' 
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T A B L E V (Contd.) 

M a s s 
N u m b e r 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

F i s s i o n 
P r o d u c t 

' " S b 

" ' 1 , " ' X e 

" ^ T e , 

' " C s 

"*Xe 

' " X e , 

' " X e 

' " C s 

" 8 B a 

' " B a 

' " B a , 

' " C e 

' " C e 

' " C e , 

' " C e , 

' " N d 

' " N d 

' " N d , 

' " N d 

' " S m 

"°Nd 

' " S m 

" ^ S m 

"^Xe 

' " C s 

' " C e 

' " N d 

' " N d 

' " P m 

T h e r m a l 
N e u t r o n s ' 

(0.22) 

0.46 

(0,92) 

(1,8) 

(3,15) 

3,69 

5,20 

6,60 

7.31 

7.21 

6.66 

6.56 

5.91 

5.67 

5.51 

5.75 

4.87 

4.52 

3.79 

2.99 

2.45 

1.87 

1.68 

1.30 

0.98 

0.76 

0.57 

Yield, % 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

(0.33) 

(0.56) 

(0.93) 

1.17' 

(2.7) 

4 . 0 6 ' 

5 . 42 ' 

6 . 9 1 ' 

7 . 3 5 ' 

7 .54 ' 

6 . 9 2 ' 

6 . 5 8 ' 

4 . 9 7 ' 

(6.0) 

. 5 . 5 9 

(5.15) 

4 . 9 5 ' 

4 . 3 0 ' 

3 . 6 8 ' 

3.05'' 

2 , 5 3 ' 

2.0 

1.69' 

1.36' 

1.01' 

0 . 8 3 9 ' 

0 . 6 8 3 ' 

14-MeV 
N e u t r o n s ' 

4 . 5 8 ' 

5 . 1 ' 

4 . 3 5 ' 



T A B L E V (Contd. 

Mass 
Number 

153 

154 

155 

156 

157 

158 

159 

160 

161 

F i s s i o n 
P r o d u c t 

' " S m 

"*Sm 

" ' S m 

' " E u 

"8Gd 

' " G d 

" ' T b 

T h e r m a l 
N e u t r o n s ' 

0.36 

0.25 

0.23* 

0.09 

(0.090) 

0 . 0 6 1 5 ' 

0.021 

(0.0094) 

0.0039 

Yield , % 

F i s s i o n - s p e c t r u m 
N e u t r o n s ' 

0 .48 

0 . 3 2 4 ' 

(0,21) 

(0,14) 

(0,09) 

14-MeV 
N e u t r o n s 

TABLE VI, Total Chain Yields for T h e r m a l - n e u t r o n F i s s i o n of " ' P u 

Mass 
Number 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

F i s s i o n 
P r o 

" A s 

'8 As 

8'Br, 

8*Kr 

8'Rb 

"Kr 

"Rb 

88Sr 

duct 

8'Kr 

Y ie ld , ' % 

0,000465 

0,0082 

(0,016) 

(0,030) 

(0,058) 

(0,104) 

0.204 

0.347 

0.387 

0.601 

0.741 

0.954 

(1.20) 

M a s s 
N u m b e r 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

F i s s i o n 
P r o d u c t 

' °Sr 

" Z r 

' ^ Z r 

" Z r 

' * Z r 

" Z r 

" Z r 

" Z r 

" M o 

' ° 'Mo 

'°^Mo 

Y i e l d , ' % 

1,53 

1,82 

2,23 

2,90 

3,33 

5.03 

4 .33 

5,31 

(5.9) 

6 , 1 7 ' 

(6,05) 

5 ,94 ' 

6 . 3 2 ' 



T A B L E VI (Contd,) 

M a s s 
N u m b e r 

103 

104 

105 

106 

107 

108 

109 

no 
111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

F i s s i o n 
P r o d u c t 

'°^Te 

' ° ' R U 

" ' A g 

"^Ag 

' " S n 

" ' X e 

Y i e l d , ' % 

(6.60) 

6 .80 ' 

(6.45) 

6.08 

(5.15) 

(4.15) 

(2.9) 

(1.4) 

0.513 

(0.32) 

0.158 

(0.065) 

(0.037) 

(0.033) 

(0.031) 

(0.030) 

(0.029 

(0.029) 

(0.030) 

(0.031) 

(0.032) 

(0.036) 

0 . 0 4 1 6 ' 

(0.10) 

(0.21) 

(0.41) 

(0.82) 

(1.65) 

3.10 

M a s s 
N u m b e r 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 , 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

F i s s i o n 
P r o d u c t 

"^Xe 

' " X e , 

"*Xe 

' " C s 

' " I , " ' C s 

' " X e 

' " C s 

" 8 B a 

' " B a , 

' " C e 

' " C e 

' " N d 

' " C e , 

' " N d 

""Nd 

' " S m 

' " N d 

' " S m 

"°Nd 

' " S m 

" ^ S m 

" ^ S m 

' " C e 

' " N d 

Y i e l d , ' % 

4.56 

6.59 

7.94 

7.30 

7.04 

6.49 

6.65 

(6.30) 

5.95 

5.02 

4 .75 

4.50 

4.09 

3.15 

2.66 

2.28 

1.87 

1.49 

1.17 

0.959 

0.741 

(0.57) 

0,389 

(0.29) 

(0.20) 

(0.14) 

(0.095) 

(0.065) 

(0.045) 



TABLE VII, Total Yields for Light and Heavy Mass 
Groups in Various Fissioning Systems 

Total Yield, 

Fissioning System Light Group Heavy Group 

'^^Th {fission-spectrum neutron) 
" 'Th (14-MeV neutron) 
'̂ ^U (thermal neutron 

97.9 99.9 
97.9 96.2 

100.4 100.4 
'̂ ^U (fission-spectrum neutron) 97.0 96.0 
'"U (thermal neutron) 99.8 100.9 
'̂ ^U (fission-spectrum neutron) 104,9 101,9 
"'U (14-MeV neutron) 105,9 101,2 
'̂ ^U (fission-spectrum neutron) 103,1 98,7 
"'U (14-MeV neutron) 102,6 99,2 
" 'Pu (thermal neutron) 99,1 99,8 
' "Pu (fission-spectrum neutron) 104,4 100,2 
" 'Pu (thermal neutron) 102,2 99,8 

TABLE VIII. Characteristics of Mass Distributions for Neutron-induced Fission 

Fiss i l e 
Nuclide 

Thermal 

" ' T h 
" ' T h 

"'u 
235u 
"'Pu 
" • P u 
"*Cm 
" ' C f 

Fiss ion-

" ' T h 
" ' P a 
'"u 
"'u 
"•u 
" ' N p 
" ' P u 

14-MeV-

" ' T h 
"=u 
"•u 

Median 
Number 

Mass -
at Half-

maximum Height 

Light Heavy 
Group Group 

-neutron Fiss ion 

89 
88 

93,5 
95 

99,5 
101 

104.5 
106 

138,5 
140 
138 

138.5 
137,5 
138 
137,5 
139 

spect rum-neutron Fissioi 

91 

91 
93 

95 

97 

97 
100 

•neutron Fis5 

91,5 
95,5 
97 

139,5 
139 
138 

138,5 
138.5 
137 
137,5 

;ion 

138 
137 
137,5 

Width of the P e a k s . 
Mass 

Half 
Maximum 

12 

12 

15 
15 

15 

15 

13 

16 

14 

13 

14 

15 
16 

14 
15 

13 
16 
16 

Units 

Tenth 
Max imum 

2 0 

18 
2 3 
22 

2 5 
2 4 

26,5 
2 8 

20 

2 2 

21 
2 3 
2 4 

22 
24,5 

-

S y m m e t r i c 
Yield, % 

0,035 
0,017 
0,015 
0,0105 
0,04 
0,029 
0,045 

<0.2 

0,045 
0.07 
0,06 
0.032 
0,04 
0,04 
0,06 

1,3 
1,0 
0.8 

P e a k - t o - V a l l e y 
Rat io 

2 3 0 

5 0 0 

4 4 0 
6 2 0 
1 5 0 
2 3 0 

1 5 5 
> 3 0 

1 7 0 
1 0 0 

no 
2 0 5 
160 

175 
115 

5 
6 
7 
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